To measure flux, we constructed human U2OS cells that stably express photoactivatable-GFP-α-tubulin, and we locally activated GFP fluorescence on spindle MTs in metaphase cells by using a micropoint 405 nm laser. This technique results in photoactivation of GFPtubulin on one or a few discrete MT bundles, and we subsequently followed the position of photoactivated regions relative to spindle poles as a function of time ( Figure 1) . By restricting the area of photoactivation with a laser, we activate GFP-tubulin primarily on kinetochore fibers, which circumvents problems encountered previously when photoactivation was used to mark spindle microtubules in cells growing at 37°C [8] . During metaphase in control (both untreated and transfected with a nonspecific siRNA) cells, the photoactivated mark on kinetochore fibers moved poleward with an average velocity of 0.5 m/min ( Figure 1A and Table  1 Figure S3 ). These data indicate that loss of flux induced by MCAK and Kif2a deficiencies does not dramatically alter tubulin subunit turnover in kinetochore fibers in these cells, but the variation in the data precludes ruling out minor changes (i.e., 10%-20%). Also, these data do not address the role of MCAK and Kif2a in regulating nonkinetochore MT turnover.
vertebrate cells [1, 6, 8, 9] . Most cells enter anaphase subsequent to photoactivation, indicating that neither laser treatment nor subsequent observation perturbs mitotic progression, although we are unable to measure flux in anaphase cells because of technical issues related to the short spindle size and round shape of these cells.
Recent evidence indicates that the kinesin-13 protein Kif2a (Klp10A in flies) is responsible for the disassembly of MT minus ends during poleward MT flux [10, 11] . In cultured human cells, Kif2a deficiency induces monopolar spindle formation through unregulated kinetochore activity [12] . However, bipolar spindles form in Kif2a-deficient cells if the activity of MCAK is simultaneously inhibited [12] , and we exploited that situation to measure flux rates on bipolar spindles during metaphase in mitotic cells deficient in Kif2a. Immunoblots demonstrate that the simultaneous transfection with siRNA to MCAK and Kif2a reduces protein levels in U2OS cells by at least 95% ( Figure S1 in the Supplemental Data available with this article online; [12] ). Flux rates in cells deficient in MCAK alone averaged 0.5 m/ min, which is similar to control cells ( Figure S2 and Table 1). Thus, MCAK activity is not necessary for flux in human cultured cells. In contrast, we could not detect appreciable movement of photoactivated marks on kinetochore fibers in metaphase cells deficient in both MCAK and Kif2a ( Figure 1B and Table 1 ). Within our limits of detection, flux rates in these cells are no greater than 0.1 m/min and may be less than that (Table 1). Similar to control cells, most of these cells enter anaphase subsequent to photoactivation and observation (data not shown). These data demonstrate that Kif2a is required for the flux of kinetochore fibers during mitosis in human cultured cells.
To measure the turnover of tubulin subunits in kinetochore fibers, we quantified the fluorescent intensity of the activated region after background subtraction as a function of time as previously described [8] . Fluorescence intensity varies significantly among individual cells in all three conditions (control, MCAK-deficient, and MCAK-and Kif2a-deficient) and such variation leads to a high degree of scatter in the data. Nevertheless, when the data are fit to a single exponential decay (see legend to Figure S3 ), we observe that the average half-time for turnover of tubulin subunits in kinetochore fibers in control, MCAK-deficient, and MCAK-and Kif2a-deficient cells is 146, 154, and 154 s, respectively ( Figure S3 ). These data indicate that loss of flux induced by MCAK and Kif2a deficiencies does not dramatically alter tubulin subunit turnover in kinetochore fibers in these cells, but the variation in the data precludes ruling out minor changes (i.e., 10%-20%). Also, these data do not address the role of MCAK and Kif2a in regulating nonkinetochore MT turnover.
To determine how cells lacking detectable flux progress through mitosis, we measured velocities of chromosome movement and spindle elongation in human U2OS cells expressing GFP-α-tubulin by using nearsimultaneous DIC and fluorescence time-lapse micros- We also used CREST staining to measure sisterkinetochore spacing in metaphase cells (Table 1) . Sister kinetochores averaged 1.0 m in mitotic cells lacking microtubules because of nocodazole treatment and stretched to 2.3 m in control cells when MTs engaged kinetochores. MCAK deficiency reduces sister-kinetochore distance to 2.1 m, consistent with previous reports [15] . The same sister-kinetochore distance is observed in cells deficient in both MCAK and Kif2a (Table (Figures 3A and 3D) . Loss of MCAK alone increases the frequency of anaphase cells displaying lagging chromatids as previously reported ( Figures 3B and 3D [15,  16] ). Simultaneous deficiency of MCAK and Kif2a further increases the frequency of anaphase cells displaying lagging chromatids, such that two-thirds of mitoses failed to segregate all chromosomes (Figures 3C and  3D) The data presented here demonstrate that the kinesin-13 protein Kif2a is required for poleward MT flux in human cultured cells. Kif2a localizes to spindle poles in these cells [12] and has been shown to induce MT disassembly in vitro [18] . Thus, it is likely that Kif2a depolymerizes MT minus ends during flux in these cells, consistent with the role proposed for Kif2a in frog egg extracts [10] and Klp10A in Drosophila embryos [11] . In cells lacking poleward MT flux, poleward chromosome velocity is slightly reduced. However, the surprising finding is that chromosome oscillation, alignment, and segregation as well as mitotic progression are not impaired when flux is inhibited. These data demonstrate that kinetochores are sufficient for efficient chromosome movement in these cells, and they lead us to suggest that flux may be too slow to effectively power chromosome movement if kinetochore-based mechanisms were inactivated. These results call into question the idea that the selective pressure acting to maintain flux in mitotic cells derives only from a role of flux in powering chromosome movement. Instead, we speculate that these cells expend the considerable energetic cost to maintain flux because it fulfills other critical functions during mitosis. For example, in response to flux, kinetochore-bound MT plus ends are biased into polymerization to prevent detachment of kinetochores from poleward-moving MTs [5] . Such regulation of kinetochore-bound MT plus ends is critical for spindle assembly during mitosis because unregulated kinetochore activity in Kif2a-deficient cells induces the formation of monopolar spindles [12] . Another possibility is that flux plays a role in correcting errors in kinetochore-MT attachment. The inappropriate attachment of single kinetochores to MTs from both poles (merotely) occurs frequently in early stages of mitosis in vertebrate cells and goes undetected by the spindleassembly checkpoint [17, 19, 20] . Merotely is a major cause of lagging chromatids at anaphase [17] , such as those observed here. Flux could generate plasticity in the attachment of MTs to kinetochores or spindle poles. Such plasticity may be important to permit MT release necessary for correction of attachment errors [21] . Alternatively, flux could contribute to changes in MT length to promote segregation of merotelic chromatids at late anaphase [22] . Presently, we can't divorce flux from Kif2a activity. Thus, definitive evidence that flux, per se, regulates kinetochore activity or promotes error correction will require methods to inhibit flux that do not target kinesin-13 proteins. 
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